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Measuring the physical activity level and 
pattern in daily life in persons with chronic 
fatigue syndrome/myalgic encephalomyelitis: 
a systematic review
Kuni Vergauwen1,2,3,9, Ivan P.J. Huijnen4,5,6, Astrid Depuydt2,3,  
Jasmine Van Regenmortel2,3, Mira Meeus7,8,9
1Division of Occupational Therapy, Department of Health and Social Care, Artesis Plantijn University College 
Antwerp, Antwerp, Belgium, 2Faculty of Medicine and Health Sciences, Department of Occupational Therapy, 
Ghent University, Ghent, Belgium, 3Faculty of Kinesiology and Rehabilitation Sciences, Department of 
Occupational Therapy, Catholic University Leuven, Leuven, Belgium, 4Department of Rehabilitation Medicine, 
Research School CAPHRI, Maastricht University, Maastricht, The Netherlands, 5Adelante Centre of Expertise 
in Rehabilitation and Audiology, Hoensbroek, The Netherlands, 6Department of Rehabilitation Medicine, 
Academic Hospital Maastricht, Maastricht, The Netherlands, 7Faculty of Medicine and Health Sciences, 
Department of Rehabilitation Sciences and Physiotherapy, Ghent University, Ghent, Belgium, 8Faculty of 
Medicine and Health Sciences, Department of Rehabilitation Sciences and Physiotherapy, University of 
Antwerp, Antwerp, Belgium, 9Pain in Motion Research Group, Belgium
Background: A lower activity level and imbalanced activity pattern are frequently observed in persons with 
chronic fatigue syndrome (CFS)/myalgic encephalomyelitis (ME) due to debilitating fatigue and post-exertional 
malaise (PEM). To provide an optimal treatment strategy, insight into a patient’s current physical activity level and 
pattern is necessary and identification of reliable and valid measures or scales measuring physical activity level 
and pattern in this population is warranted.
Objective: To identify measures or scales used to evaluate activity level and/or pattern in patients with CFS/ME 
and review their psychometric properties.
Methods: A systematic literature search was performed in the electronic databases PubMed and Web of Science 
until 12 October 2016. First, articles including relevant measures were identified. Secondly, psychometric properties 
of relevant measurement instruments were extracted and rated based on the COSMIN checklist.
Results: The review was performed and reported according to PRISMA statement. A total of 51 articles and 15 
unique measurement instruments were found, but only three instruments have been evaluated in patients with CFS: 
the Chronic Fatigue Syndrome-Activity Questionnaire (CFS-AQ), Activity Pattern Interview (API) and International 
Physical Activity Questionnaire-Short Form (IPAQ-SF), all self-report instruments measuring physical activity level.
Conclusions: The IPAQ-SF, CFS-AQ and API are all equally capable of evaluating the physical activity level, but 
none of these are optimal to use. Although often used as gold standard to capture physical activity patterns, activity 
monitors have not yet been evaluated in these patients. More research is needed to evaluate the psychometric 
properties of existing instruments, including activity monitors.
Keywords: Chronic fatigue syndrome, Data collection, Physical activity, Psychometrics, Review
Introduction
Chronic fatigue syndrome (CFS)/myalgic encephalomy-
elitis (ME) comprises a complex of symptoms character-
ized by clinically defined debilitating fatigue that cannot 
be explained by other medical or psychiatric conditions 
and is not sufficiently reduced by resting.1,2 The experience 
of fatigue causes substantial reductions in previous levels 
of occupational, educational, social or personal activi-
ties, resulting in limitations in meaningful areas of life.1,2 
Scientific evidence indeed shows that the activity levels of 
patients with CFS/ME are significantly lower than those 
of healthy subjects and a large variation exists in activity 
levels between patients.3–9 Additionally, the performance 
of mild physical or mental activities can lead to the exac-
erbation of symptoms, also known as PEM.
PEM is one of the primary characteristics of CFS/ME 
and a main reason why patients with CFS/ME are unable 
Correspondence to: Mira Meeus, Rehabilitation Sciences and 
Physiotherapy, Ghent University, Ghent Campus Heymans (UZ) 3 
B3, De Pintelaan 185, Ghent, Belgium, mira.meeus@ugent.be; www.
paininmotion.be
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to continue their daily routine.4,8,10,11 The presence of these 
exacerbations may result in avoidance of activities and 
prolonged periods of rest, expecting that this strategy will 
cause improvement.11,13,14 In contrast to this perception, 
this strategy instead results in decreased exercise tolerance 
and reduced ability to perform activities of daily living 
(ADL).3,9,11–14
Additionally, although most patients perform fewer, 
and mostly sedentary activities, bursts of exertion are 
sometimes observed in periods in which patients try to 
perform at pre-morbid level.6,14,15 This deviant activity pat-
tern observed in some patients with CFS/ME may cause 
a negative feedback cycle where PEM, an overall lower 
activity level and imbalanced activity pattern are often 
observed.3,6,15,16
Therefore, the focus of rehabilitation treatment lies in 
enabling patients to participate in meaningful life activi-
ties, depending on a patient’s physical, social, cultural and 
spiritual context and beliefs that promotes or maintains 
their health, well-being, participation and autonomy.17–19 
Treatment strategies for CFS/ME are focused on activity 
self-management preventing both PEM and avoidance 
behaviour.3,12–14,20,21 Frequently used therapeutic interven-
tions are activity pacing, graded exercise therapy and cog-
nitive behavioural therapy.15,21–25,27
To maintain an optimal activity level and balanced pat-
tern over a longer period of time, insight into daily activity 
performance of a patient is necessary.6,9,20 Thus, the activ-
ity level and pattern need to be established using reliable 
and valid measures or scales before a clinical practitioner 
can assess and evaluate a patient’s health status, provide 
information, a suitable treatment strategy and evaluate a 
patient’s course of recovery after treatment.3–5,9,28
The aim of the review was twofold. The first aim was to 
systematically review the literature for measures or scales 
capable of evaluating the activity level and/or pattern that 
were used in patients with CFS/ME; second, to critically 
appraise the psychometric properties of identified meas-
ures or scales in patients with CFS/ME.
Method
PRISMA guidelines (Preferred Reporting Items for 
Systematic reviews and Meta-Analyses) were used to 
structure the review methods30 and the eligibility criteria, 
search strategy, methods for study selection, data-extrac-
tion and rating were specified in advance.
Eligibility criteria
To be included in the first part of the present system-
atic review, studies had to report the use of measures 
or scales evaluating (physical) activity level or pattern 
and the study had to be undertaken with adult patients 
with CFS/ME. The second part of the systematic review 
only included studies that evaluated the psychometric 
properties of identified measures or scales during the 
literature search.
Information sources and search strategy
The electronic databases PubMed and Web of Science 
were used to execute the literature search (Table 1). Both 
databases were searched until 12 October 2016 for relevant 
articles. No limits were set for the date of publication.
Study selection
Study selection was based on two screening phases. Both 
screening phases were performed by two independent 
reviewers. The initial literature search was performed 
until February 2014 and studies were screened by two of 
the authors (JVR and AD). An update of the systematic 
literature search was performed from March 2014 until 12 
October 2016 and the studies were screened by two other 
authors (IH and KV). During both literature searches, a 
third reviewer (MM) was only involved in the screening 
process if consensus could not be reached between the 
two reviewers.
The first selection was based on title and abstract. 
Articles that met the first two inclusion criteria and could 
not be excluded based on the criteria mentioned below 
were included for full text reading. The third inclusion 
criterion was only applied during full-text reading, because 
not all articles mentioned the used measure or scale in 
their abstract. All articles that used a relevant measure or 
scale evaluating the activity level or activity pattern were 
included, unless exclusion criteria were identified during 
full-text reading. References of all included articles were 
checked to identify other articles measuring the psycho-
metric properties of relevant measures or scales.
Inclusion criteria:
•  The study included adult humans with CFS/ME;
•  was written in Dutch or English;
•  included a measure or scale that evaluates (physical) activ-
ity level or pattern.
Exclusion criteria:
•  Studies regarding measures or scales evaluating limitations 
in activities, quality of life or any other construct than the 
activity level or pattern;
•  studies measuring body functions including biomarkers, 
sleep, spirometry or participation;
•  laboratory research or in vitro research;
•  use of a model or theory as intervention;
•  random non-further specified or dichotomous questions or 
instrument measuring fatigue;
•  abstract, guideline, congress report, review, meta-analyses, 
study protocol or case study.
Data extraction and rating
First, all relevant measures or scales evaluating the phys-
ical activity level and/or pattern in patients with CFS/ME 
were extracted from the articles and compiled (Table 2).
Second, as recommended by Mokkink et al., the research 
methodologies of articles evaluating the psychometric prop-
erties of measures or scales assessing the physical activity 
level or pattern of patients with CFS/ME were rated using 
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the COSMIN checklist (Consensus-based Standards for the 
selection of health Measurement Instruments).31
The COSMIN checklist was developed in 2010 accord-
ing to a Delphi study by international experts in health-re-
lated measurement instruments. The COSMIN checklist 
evaluates ten psychometric properties and consists of four 
possible answers: ‘excellent’, ‘good’, ‘fair’ and ‘poor’. 
The ‘Interpretability’ box was filled in for every article 
and scored based on the number of questions that could 
be answered with ‘yes’ (1 or 2 = poor; 3 or 4 = fair; 5 or 
6 = good; 7 = excellent). A general score for the methodo-
logical quality was provided for every individual psycho-
metric property for every measure or scale by taking the 
lowest score from every box32 (Table 4). General informa-
tion for every study and measure or scale was extracted 
with the help of the ‘Generalizability’ box of the COSMIN 
checklist and compiled in Table 3.32
Results
Identification of measures or scales evaluating 
the physical activity level or activity pattern
The systematic literature search identified 919 articles. 
After exclusion of 717 articles based on the criteria 
mentioned above, 202 articles were included for full text 
reading. Full-text reading led to the exclusion of another 
151 articles (Figure 1).
During full-text reading, 15 unique, relevant measures 
or scales evaluating the physical activity level or activity 
pattern of patients with CFS/ME were identified (Table 2), 
but the psychometric properties of only three instruments 
were evaluated (Tables 3 and 4).
Critical appraisal of psychometric properties of 
included measures or scales
Chronic fatigue syndrome – activity questionnaire
The Chronic fatigue syndrome – activity questionnaire 
(CFS-AQ) was used by Scheeres et al. to measure activi-
ties performed in the previous two weeks by patients with 
CFS.33 The measure consists of four subscales: physical 
activity (four items), rest (four items), using aids (one item) 
and social activity (one item). The 10 items are scored on 
a four-point Likert scale. The time to complete the ques-
tionnaire ranged from five to seven minutes. Scheeres et 
al. described that this newly developed questionnaire has 
good internal consistency (Cronbach’s alpha = 0.73) and 
test–retest reliability (Spearman’s rho = 0.72). Although 
Table 1 Search strategy
Population Intervention Outcome Exclusion
Chronic fatigue syndrome 
(MeSH)
Measurement(s) Activities of daily living 
[MeSH]
Activity Depression [MeSH]
(benign) myalgic encepha-
lo(mye)litis (ME)
Outcome/health impact/
outcome and process/
risk/process/symptom/
self-) assessment(s) 
[mesh]
Activity level Exercise [MeSH] (depressive/mental) 
disorder(s) [MeSH]
CFS/ME Self-reporting question-
naire(s)
Activity pattern(s) (leisure/human) activities 
[MeSH]
Psychiatric status rating 
scales [MeSH]
Post-viral/infectious 
fatigue syndrome 
Interview [mesh] (treatment) outcome(s) Physical endurance 
[MeSH]
Neurasthenia
Yuppie flu Evaluation(s) Metabolic equivalent 
[MeSH]
(physical) movement
Chronic Epstein-Barr virus 
syndrome
Health surveys [mesh] (an)aerobic, 
Myalgia syndrome Accelerometry [mesh] Daily functionality
Myalgic encephalopathy Actigraphy [mesh] Psychological adaptation 
[MeSH]
Exercise test [mesh] Activities of daily living 
[MeSH]
Monitoring Physical/mental exer-
tion(s)
Data collection [mesh] Physical exertion [MeSH]
Evaluation studies as 
topic [mesh]
Motor activity [MeSH]
Instrument(s) Movement [MeSH]
Self-evaluation programs 
[mesh]
Diagnostic self-evalua-
tion [mesh]
Health care evaluation 
mechanisms [mesh]
Psychometric charac-
teristics
Clinimetric properties
Treatment outcome 
[mesh]
Test
Interview as topic [mesh]
Assessment(s)
Questionnaires [mesh]
Outcome(s)
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Patients scoring zero or one days of the 12 measured days 
above a reference score were defined as ‘passive’. Patients 
scoring two or more days above a reference score were 
defined as ‘fluctuating active’.
Logistic regression analyses were performed with the 
CFS-AQ and IPAQ-SF and activity monitor typology as 
dependent variable to predict the probability that a per-
son with CFS is active, according to the activity monitor 
typology. The obtained predicted probability scores led to 
the development of a dichotomous outcome scale of activ-
ity level (active/passive) for the CFS-AQ and IPAQ-SF. 
Receiver operating characteristics (ROC) curve was calcu-
lated to identify the CFS-AQ’s sensitivity and specificity. 
Sensitivity is the number of passive patients identified as 
being passive, while specificity is the number of active 
patients identified as being active. The best cut-off point 
the internal consistency and test–retest reliability appear 
to be adequate, insufficient information about the research 
methodology was provided. Methodological quality of the 
study by Scheeres et al. for evaluating the internal consist-
ency and test–retest reliability is therefore rated as poor 
by the COSMIN checklist.33
Criterion validity was evaluated by calculating the cor-
relations between the three measures or scales CFS-AQ, 
Activity Pattern Interview (API) and International Physical 
Activity Questionnaire – Short Form (IPAQ-SF), and 
continuous scores of the activity monitor, a frequently 
used measure to objectively evaluate daily physical 
activity.6,15,16,26,35,36,40,43,49–66,80–82
The mean daily physical activity score of CFS patients 
was calculated based on 12 days actography to define an 
activity monitor typology (passive/fluctuating active). 
Table 2 Characteristics of included measures or scales
Measures or scales Goal Refs.
Activity monitor To measure physical activity [6,15,16,26,35–37,40,43,49–66,80–82,86]
Activity Record (ACTRE) To measure physical activity [43,44]
Activity Pattern Inventory (API) To measure the usual activities performed 
on a typical day
[33]
Atherosclerosis Risk in Communities (ARIC) To assess habitual leisure and occupational 
physical activities
[45–48]
Baecke Physical Activity Questionnaire
Checklist Individual Strength (CIS) To measure physical activity [6,36,37,49–51,57,60–62,64,65,67–
69,81,82,86]
Chronic Fatigue Syndrome-Activities Ques-
tionnaire (CFS-AQ)
To measure physical activity [33]
Dartmouth Primary Care Cooperative Re-
search Network functional health assess-
ment charts/World Organization of General 
Practice/Family Physicians (COOP/WONCA 
Charts)
To measure physical activity [70]
Diary and Self Observation List To measure physical activity [33,35,43,53,71–74]
Godin Leisure-Time Exercise Questionnaire To measure physical activity [75]
Intelligent Device for Energy Expenditure and 
Activity
To measure physical activity [71]
International Physical Activity Question-
naire-Short Form (IPAQ-SF)
To measure physical activity [33,35,76]
Older Adult Exercise Status Inventory (OA-
ESI)
To measure physical activity [77]
Paffenbarger Physical Activity Questionnaire To measure physical activity [78]
Physical Activity Index of College Alumnus 
Health Questionnaire
To measure physical activity [79]
Visual Analogue Scale (VAS) To measure physical activity [6,83]
Daily Physical Activity Level
Table 3 Characteristics and COSMIN rating of included studies
Study Population and pathology Measures or scales Psychometric qualities and methodological quality
Meeus et al. (2011) CFS (n = 56) IPAQ-SF Internal consistency Fair
41.09 years SD 9.51
Range 20–62 years
♀: n = 56 (100%)
Disease duration 
93.61 months SD 
78.41 months
Range 6–360 months Criterion validity Good
Scheeres et al. (2009) CFS (n = 226) CFS-AQ Internal consistency Poor
37 years SD 11.3 Test–retest reliability Poor
Range 15–68 years Criterion validity Fair
♀: 167 (74%)
Disease duration API Criterion validity Fair
5 years
Range 2–32 years IPAQ-SF Criterion validity Fair
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‘passive’. The routine pattern was investigated by ques-
tioning the day of yesterday as detailed as possible. When 
the day of yesterday was not a typical day, another day 
of the past week was used to minimize recall bias. The 
average time to complete the interview was 10 minutes. 
To produce valid results, experience in CFS and training 
in using the interview is recommended.33
The psychometric properties of the API were evaluated 
by Scheeres et al. and, as described earlier, the instrument 
was compared to the CFS-AQ and IPAQ-SF to identify the 
most suited measure or scale to evaluate the daily physical 
activity level of patients with CFS. More specifically, all 
instruments were evaluated on their capability to correctly 
classify a patient as (fluctuating) active based on activity 
monitor typology.33
Criterion validity was evaluated by calculating corre-
lations between the API and continuous activity monitor 
scores, but only weak correlations were found (Spearman’s 
rho = 0.27). ROC curve was calculated to identify the API’s 
sensitivity and specificity. The sensitivity of the API was 
52.3% and specificity was 75.8%. The API had an AUC of 
for the CFS-AQ is 0.73 with a sensitivity of 64.6% and 
specificity of 65.2%. Area under the curve (AUC) calcu-
lated the CFS-AQ’s validity. The AUC was 0.710, which 
means that the validity of the CFS-AQ is higher than the 
API, but lower than the IPAQ-SF. The CFS-AQ correlated 
moderately with the continuous scores of the activity mon-
itor (Spearman’s rho = 0.41).33
Methodological quality of the study for evaluating the 
criterion validity was found to be fair by the COSMIN 
checklist.33 Scheeres et al. concluded that the CFS-AQ has 
no added value compared to the IPAQ-SF or the API.33 No 
other studies evaluating the CFS-AQ were found.
Activity pattern interview
The API is an interview which identifies the usual activi-
ties performed on a typical day. During the interview, three 
relevant topics are questioned: routine pattern of activities, 
amount of time laying or sitting the day before, the number 
of times leaving the house during a day and practising an 
(un)paid job or not. Based on the answers on these three 
topics, the interviewer classified the person as ‘active’ or 
Figure 1 Flowchart of search strategy
Notes: CFS-AQ = Chronic Fatigue Syndrome – Activity Questionnaire; API = Activity Pattern Interview; IPAQ-SF = International Physical 
Activity Questionnaire – Short Form
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0.643, which was smaller than the validity of the CFS-AQ 
(0.710) and the IPAQ-SF (0.711). Methodological quality 
of the study by Scheeres et al. for evaluating the criterion 
validity was found to be fair by the COSMIN checklist33 
No other studies evaluating the API in patients with CFS/
ME were found.
International physical activity questionnaire-short 
form
The International Physical Activity Questionnaire-Short 
Form (IPAQ-SF) is a self- or telephone-administered meas-
ure which evaluates health-related physical activity. The 
instrument was developed in 1996 by the ‘International 
Consensus Group of Physical Activity Management’ and 
validated in twelve countries by Craig et al.34 Four long 
and four short versions of the instrument are available. The 
use of a short self-administered version with persons with 
CFS was suggested, because these patients often experi-
ence cognitive impairments.35
The IPAQ-SF consists of nine items and gathers infor-
mation on the time spent walking, the performance of mod-
erate and vigorous physical activity and the minutes spent 
sitting on weekdays during the past seven days.33,35 Patients 
also have to rate how many days and how many minutes 
they spent per specific activity category. The amount of 
Metabolic Equivalents (METs)-minutes is calculated for 
all categories by multiplying the amount of minutes with 
1.3 (sitting), 3.3 (walking), 4 (moderate physical activity) 
or 8 (vigorous physical activity).35 Four subscale scores 
and one total score can be calculated by adding the METs-
minutes of the last three categories together.33,35 The time 
to complete the questionnaire ranged from five to seven 
minutes.33
The internal consistency was evaluated in a study 
of Meeus et al. in a population of patients with CFS. 
Cronbach’s alpha was calculated for the categories walk-
ing, moderate and vigorous activities and was 0.337.35 
Methodological quality of this study was found to be fair 
by the COSMIN checklist.35
The criterion validity was evaluated by two stud-
ies. Scheeres et al. calculated correlations between the 
CFS-AQ, API and IPAQ-SF and the continuous activ-
ity monitor scores, as mentioned earlier.33 The logistic 
regression analysis and calculation of predicted prob-
ability scores were also performed with the IPAQ-SF. 
ROC calculated the sensitivity and specificity. The best 
cut-off point for the IPAQ-SF is 0.67 with a sensitivity 
of 70.1% and specificity of 62.7%. The AUC was 0.711 
and the IPAQ-SF had a greater validity than the API and 
CFS-AQ. The IPAQ-SF and continuous activity monitor 
scores had a weak correlation (Spearman’s rho = 0.33).33 
Methodological quality of the study by Scheeres et al. for 
evaluating the criterion validity was found to be fair by 
the COSMIN checklist.33
Meeus et al. evaluated the criterion validity by compar-
ing the IPAQ-SF with an activity monitor and an activity Ta
b
le
 4
 
M
et
h
o
d
o
lo
g
ic
al
 q
u
al
it
y 
fo
r 
ev
er
y 
p
sy
ch
o
m
et
ri
c 
p
ro
p
er
ty
 fo
r 
ev
er
y 
m
ea
su
re
 o
r 
sc
al
e 
b
as
ed
 o
n
 C
O
S
M
IN
 c
h
ec
kl
is
t
M
ea
su
re
 o
r 
sc
al
e
In
te
rn
al
 c
o
n-
si
st
en
cy
R
el
ia
b
ili
ty
: r
el
a-
tiv
e 
m
ea
su
re
s
M
ea
su
re
m
en
t 
er
ro
r:
 a
b
so
lu
te
 
m
ea
su
re
s
C
o
nt
en
tv
al
id
ity
S
tr
uc
tu
ra
l 
va
lid
ity
H
yp
o
th
es
es
 
te
st
in
g
C
ro
ss
-c
ul
tu
ra
l 
va
lid
ity
C
ri
te
ri
o
n 
va
lid
ity
 (i
n-
cl
ud
in
g
 A
U
C
, s
en
si
tiv
ity
 
an
d
 s
p
ec
ifi
ci
ty
)
R
es
p
o
ns
iv
e-
ne
ss
 
In
te
rp
re
ta
b
ili
ty
C
FS
-A
Q
P
oo
r
P
oo
r
Fa
ir
P
oo
r
S
ch
ee
re
s 
et
 a
l. 
(2
00
9)
A
P
I 
Fa
ir
P
oo
r
S
ch
ee
re
s 
et
 a
l. 
(2
00
9)
IP
A
Q
-S
F
Fa
ir
P
oo
r
S
ch
ee
re
s 
et
 a
l. 
(2
00
9)
M
ee
us
 e
t a
l. 
(2
01
1)
Fa
ir
G
oo
d
P
oo
r
  
 
 
5 
 
 
 
 
10 
 
 
 
 
15 
 
 
 
 
20 
 
 
 
 
25 
 
 
 
 
30 
 
 
 
 
35 
 
 
 
 
40 
 
 
 
 
45 
 
 
 
 
50 
 
 
 
 
55 
 
YPTR 1300624 
March 2017
Revision CE: ####### QA: #######
Coll:XX QC:#######
Vergauwen et al. Measuring the physical activity level and pattern
 Physical Therapy Reviews  2017 7
because it has a dichotomous outcome (active/passive). 
The CFS-AQ and IPAQ-SF on the other hand, solely 
measure the activity level and the results have to be trans-
formed to a dichotomous outcome by use of complicated 
formulas. However, a high number of false predictions 
by all three measures were found when compared to an 
activity monitor. If patients are incorrectly identified as 
being active (scoring two or more days above a reference 
score) or passive (scoring zero or one days of the twelve 
measured days above a reference score) according to an 
activity monitor typology in clinical practice, they could 
receive inappropriate treatment which could lead to more 
functional and participation restrictions.85 Future research 
addressing this problem is recommended.
Considerations
The CFS-AQ, API and IPAQ-SF are all self-reported 
measures and consequently assess a patient’s perception 
of daily performed physical activities.4 Self-reports might 
not be highly related to the actual, objectively measured, 
daily life activity level as measured with activity mon-
itors.4,9,35,36,42 A previous study by Vos-Vromans et al. 
found discrepancies between perceived daily activities and 
objectively measured daily activities in patients with CFS; 
however, the cause of this discrepancy in patients with 
CFS needs to be further investigated.37 In patients with 
chronic low back pain (CLBP), this discrepancy was asso-
ciated with the presence of depressive symptoms influenc-
ing a patient’s perception of their activity level,87 that could 
lead to the assumption that mood changes in patients with 
chronic conditions influence the perceived activity level. 
Activity monitors on the other hand are known to be reli-
able and valid measures or scales to objectively evaluate 
a patient’s activity level in the general population,38 but 
their psychometric properties have not yet been evalu-
ated with patients with CFS/ME.4,8,35–38 The reliability and 
validity depend on the device, population and the studied 
activity behaviour.29,35,39 First of all, the optimal place of 
attachment has not been established. The place of an activ-
ity monitor on the body influences its output and activity 
monitors worn on the lower body tend to underestimate 
activities of the upper body and vice versa.36,38,39 Since 
patients with CFS/ME perform mostly sedentary activities, 
the place of attachment that provides the most accurate 
results of their performed physical activities needs to be 
determined.40 Secondly, it is unknown when and for how 
long the activity monitor needs to be worn to obtain suf-
ficient valid information for an accurate representation of 
a patient’s activity level. In patients with chronic pain, it 
is recommended to include more than three days, because 
they have large between-day variations in physical activ-
ity and need periods of rest between activities.84 Patients 
with CFS/ME also often have a fluctuating activity level, 
therefore inclusion of more than three assessment days 
and at least one weekend day can be useful to have an 
accurate representation of a patient’s activity level. Third, 
diary.35 METs-minutes spent per activity category (sed-
entary, moderate and vigorous activity) were the out-
comes that were compared between the three measures. 
Spearman’s rho varied between 0.282 and 0.426 (p = 0.05) 
indicating only weak correlations. Furthermore, the weak 
significant correlations were especially found in the 
moderate and vigorous activities. These were found to 
be irrelevant, because CFS patients rarely perform such 
activities. No correlations were found in the sedentary 
activities, which are the ones CFS patients perform the 
most.35 Methodological quality of the study by Meeus et 
al. for evaluating the criterion validity was found to be 
good by the COSMIN checklist.35
Discussion
The aim of this review was twofold. First, scientific lit-
erature was systematically reviewed for currently used 
measures or scales evaluating the physical activity level 
or pattern in patients with CFS/ME. The systematic litera-
ture search identified 51 studies and a total of 15 different 
unique measures or scales. Second, the methodologies of 
studies evaluating the psychometric properties of identi-
fied measures or scales in a population with CFS/ME were 
critically appraised by use of the COSMIN checklist.31,32 It 
was remarkable that, despite the high number of available 
instruments, only two studies evaluated the psychomet-
ric properties of three different measures in patients with 
CFS: the CFS-AQ, API and IPAQ-SF.33,35 When listing 
all measures or scales identified by the literature search, 
activity monitors were found to be the most frequently 
used (n = 29) and are often seen as the gold standard to 
compare other measures or scales evaluating the perceived 
physical activity level or activity pattern to, such as self-re-
port measurements.6,15,16,26,35,36,39,40,43,49–66,80–82
Based on the critical appraisal of the two studies 
evaluating the psychometric properties of the CFS-AQ, 
IPAQ-SF and API, both studies used an activity monitor 
to evaluate the criterion validity of the CFS-AQ, API and 
IPAQ-SF.33,35 The research methodologies of the studies 
of Scheeres et al. and Meeus et al. were rated ‘fair’ and 
‘good’, respectively, on the COSMIN checklist for eval-
uating the criterion validity and it can be concluded that 
these three measures are equally valid or equally invalid, 
given the lack of studies evaluating the psychometric prop-
erties of these activity monitors in patients with CFS/ME.
All three instruments can be used to measure the per-
ceived physical activity level in daily life in CFS patients 
but have a low correlation with the actual activity level 
measured by an activity monitor.33 The validity, tested with 
the area under the curve, of the CFS-AQ and IPAQ-SF 
(0.710 and 0.711) was slightly higher than the API (0.643). 
Some experience with CFS and training in performing the 
interview is enough to produce equally valid results to 
the self-reporting questionnaires IPAQ-SF and CFS-AQ.33
If a patient’s activity pattern needs to be determined, 
the API could be more practical to use in the work field, 
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impairments. The questions and answers ought to be simple 
without the possibility of subjective interpretation. Since 
patients with CFS/ME mostly perform sedentary and light 
activities, these should be the instrument’s focus.35 Because 
ambulatory monitoring assesses the physical activity pat-
tern more accurately than a measure using retrospective 
self-report, Meeus et al. suggest the development of a kind 
of activity diary with daily registration, which minimizes 
recall bias as previously discussed.16,35 According to Wickel 
et al., self-report measures where the type, amount and 
intensity of physical activity can be recorded are the most 
used to measure physical activity levels.36 The more details 
available on performed daily activities, the more accurate 
the physical activity level or pattern can be determined and 
false predictions can be prevented.
Moreover, Jason et al. state that solely looking at the 
total daily activity might not be enough to differentiate 
between patients with CFS/ME and healthy controls, but 
examination of the variability of their activity pattern 
over time is necessary.22 The ability to map activity pat-
terns would be a useful improvement for clinical practice, 
because patients with CFS/ME often have an imbalance 
between rest and activity and do not spread their activities 
equally during the day.4,6,15 Mapping of a patient’s activity 
pattern could lead to better understanding their problems 
and origin of their complaints, which would ultimately 
lead to better management and rehabilitation.35
Limitations
This systematic review has several limitations. First, 
although the research methodology was specified in 
advance, the protocol was not published.
Second, both screening phases of the systematic litera-
ture search were performed by two independent reviewers 
and a third if consensus could not be reached between the 
first two. However, an update of the systematic literature 
search was performed from March 2014 until October 
2016 by two different reviewers than the initial literature 
search, which could have led to a slightly different selec-
tion. Nevertheless, the final supervision was continuously 
performed by the last author.
The literature search was performed in two electronic 
databases. Searches in additional databases could have 
generated additional relevant studies. Restricting the inclu-
sion criteria to English- and Dutch-language publications 
could also have limited the results.
The quality of the research methodology of the studies 
varied. One patient population was smaller than 100 par-
ticipants which, according to the COSMIN-checklist, is 
insufficient for evaluating the psychometric properties of 
measures or scales. The other publication provided insuf-
ficient information about its research methodology and is 
therefore automatically assigned with the lowest score. 
However, if the research methodology was performed 
accurately but reported poorly, this could have led to the 
underestimation of the measurement’s qualities.
the influence of an activity monitor on the behaviour of 
CFS/ME patients is also unknown. Some patients engage 
in reactive behaviour, which means changing their nor-
mal physical activity pattern when consciously wearing an 
activity monitor.40 Because information about the actual 
daily activity level in patients with CFS/ME is useful, eval-
uation of the psychometric properties of activity monitors 
and development of a protocol encompassing clear instruc-
tions on the place of attachment, duration of measurement 
etc. are necessary in order to obtain high quality results.
The discrepancy between the objective measurement 
and subjective perception of a patient’s performed physical 
activities is an important topic for further investigation. 
Patients with CFS/ME, classified as active based on self-re-
port measurement, may have a tendency to overestimate 
themselves due to the presence of PEM after performing 
many or intensive activities. On the other hand, patients 
classified as being passive are hypothesized to have a 
tendency for underestimation. They avoid most activities 
causing PEM, but the performance of other sedentary or 
light activities, such as cleaning, cooking, walking during 
household activities, washing and doing laundry,84,88 will 
be performed, resulting in a similar activity level as active 
patients,15 as found by Huijnen et al.41 Measurement of the 
objectively measured physical activity level indicated that 
there were no significant differences between the avoidant 
group and persistent group with CLBP.41 Vos-Vromans et 
al. also found no discrepancies between the actual activity 
level of passive and relatively active patients with CFS 
established by an activity monitor, but discrepancies were 
found between the perceived and actual physical activity 
level37 and clinical practice should take this discrepancy 
into account when working with patients with CFS/ME.
Implications
Based on the evaluation of all measures or scales, their 
psychometric properties and further remarks, none of the 
three measures or scales should be used in isolation and 
training in performing the API is necessary to evaluate 
the activity level and pattern of activity in a population 
with CFS.
Future research is needed to further evaluate the relia-
bility and validity of the IPAQ-SF, CFS-AQ and API and 
activity monitors. The systematic literature search iden-
tified fifteen unique measures evaluating physical activ-
ity in patients with CFS/ME of which the psychometric 
properties are not or insufficiently known. It is therefore 
recommended to first evaluate the psychometric proper-
ties of these measures, because they could potentially be 
appropriate for patients with CFS/ME. If psychometric 
properties are insufficiently robust, then perhaps new meas-
ures or scales to assess the activity level in a population 
with CFS/ME should be developed. Such measurements 
would need to have good psychometric properties, be short 
and easy to administer. Recall over a long period of time 
should be avoided, due to the possible presence of cognitive 
 
 
 
 
5 
 
 
 
 
10 
 
 
 
 
15 
 
 
 
 
20 
 
 
 
 
25 
 
 
 
 
30 
 
 
 
 
35 
 
 
 
 
40 
 
 
 
 
45 
 
 
 
 
50 
 
 
 
 
55 
 
 
 
 
60 
 
 
 
 
65 
 
 
 
 
70 
 
 
 
 
75 
 
 
 
 
80 
 
 
 
 
85 
 
 
 
 
90 
 
 
 
 
95 
 
 
 
 
100 
 
 
 
 
105 
 
 
 
 
110 
YPTR 1300624 
March 2017
Revision CE: ####### QA: #######
Coll:XX QC:#######
Vergauwen et al. Measuring the physical activity level and pattern
 Physical Therapy Reviews  2017 9
research with clinical work as an occupational therapist in 
an assisted living facility and lecturer occupational therapy 
at Artesis Plantijn University College. She is a member of 
the Pain in Motion International Research Group which 
studies the bidirectional interplay between (chronic) pain 
and movement.
Ivan P.J. Huijnen is a physiotherapist and movement 
scientist and holds a PhD in Rehabilitation Medicine. 
He is affiliated at Maastricht University, Maastricht 
and Adelante, Centre of Expertise in Rehabilitation and 
Audiology, Hoensbroek, The Netherlands. His current 
research activities are part of CAPHRI program, research 
line Functioning and Rehabilitation, department of 
Rehabilitation Medicine.
Astrid Depuydt holds a Master of Science in Occupational 
Therapy. She currently works as an occupational therapist 
in a primary care setting.
Jasmine Van Regenmortel holds a Master of Science 
in Occupational Therapy. She currently works as an 
occupational therapist within the Flemish Occupational 
Therapy Association and is responsible for the PR of the 
Association.
Mira Meeus holds a PhD in Rehabilitation Sciences and 
Physiotherapy. She is a full professor at the Rehabilitation 
Sciences and Physiotherapy, Department of the University 
of Antwerp and Ghent University. She is a member of 
the Pain in Motion International Research Group which 
studies the bidirectional interplay between (chronic) pain 
and movement.
References
 [1]  Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff 
A. The chronic fatigue syndrome: a comprehensive approach to 
its definition and study. Ann Intern Med. 1994;121(12):953–959.
 [2]  Holmes GP, Kaplan JE, Gantz NM, et al. Chronic fatigue syndrome: 
a working case definition. Ann Intern Med. 1988;108(3):387–389.
 [3]  Sisto SA. Chronic fatigue syndrome. Neurol Rep. 1993;17(3):30–34.
 [4]  Vercoulen JHMM, Bazelmans E, Swanink CMA, Fennis JFM, 
Galama JMD, Jongen PJH, et al. Physical activity in chronic 
fatigue syndrome: assessment and its role in fatigue. J Psychiatr 
Res. 1997;31(6):661–673.
 [5]  Black CD, O’Connor PJ, McCully KK. Increased daily physical 
activity and fatigue symptoms in chronic fatigue syndrome. Dyn 
Med. 2005;4:3.
 [6]  Evering RMH, Tönis TM, Vollenbroek-Hutten MMR. Deviations in 
daily physical activity patterns in patients with the chronic fatigue 
syndrome: a case control study. J Psychosom Res. 2011;71(3):129–
135.
 [7]  Vanness JM, Snell CR, Strayer DR, Dempsey L IV, Stevens SR. 
Subclassifying chronic fatigue syndrome through exercise testing. 
Med Sci Sports Exerc. 2003;35(6):908–913.
 [8]  Nijs J, Aelbrecht S, Meeus M, Van Oosterwijck J, Zinzen E, 
Clarys P. Tired of being inactive: a systematic literature review 
of physical activity, physiological exercise capacity and muscle 
strength in patients with chronic fatigue syndrome. Disabil Rehabil. 
2011;33(17–18):1493–1500.
 [9]  van der Werf SP, Prins JB, Vercoulen JHMM, van der Meer JWM, 
Bleijenberg G. Identifying physical activity patterns in chronic 
fatigue syndrome using actigraphic assessment. J Psychosom Res. 
2000;49(5):373–379.
[10]  Knoop H, Bleijenberg G, Gielissen MFM, van der Meer JWM, 
White PD. Is a full recovery possible after cognitive behavioural 
therapy for chronic fatigue syndrome? Psychother Psychosom. 
2007;76(3):171–176.
Conclusion
This systematic review identified 15 unique and rele-
vant measures or scales used in patients with CFS/ME 
to evaluate the physical activity level and pattern, but the 
psychometric properties of only three measures or scales 
were evaluated in patients with CFS/ME: the CFS-AQ, 
API and IPAQ-SF. Based on the critical appraisal of their 
psychometric properties, it can be concluded that none of 
the three unique measures or scales are optimal to evalu-
ate the activity level or pattern in patients with CFS/ME. 
Their psychometric properties have been insufficiently 
evaluated; therefore, their results should be interpreted 
with caution when used. The results of this systematic 
review clearly indicate that more research is necessary to 
further evaluate the psychometric properties of existing 
measures or scales and it is recommended to evaluate the 
validity and use of activity monitors for the population of 
patients with CFS/ME.
Acronyms
ADL   Activities of Daily Living
API   Activity Pattern Interview
AUC   Area Under The Curve
CBT   Cognitive Behavioural Therapy
CFS   Chronic Fatigue Syndrome
CFS-AQ   Chronic Fatigue Syndrome – Activity 
Questionnaire
CLBP   Chronic Low Back Pain
COSMIN   Consensus-based Standards for the 
selection of health Measurement 
Instruments
EE   Estimated Energy Expenditure
GET   Graded Exercise Therapy
IPAQ-SF   International Physical Activity 
Questionnaire-Short Form
ME   Myalgic Encephalomyelitis
MET   Metabolic Equivalent
PEM   Post-Exertional Malaise
PRISMA   Preferred Reporting Items for Systematic 
reviews and Meta-Analyses
ROC   Receiver Operator Characteristics
TEE   Total Energy Expenditure
QOL   Quality Of Life
Device status
The manuscript submitted does not contain information 
about medical device(s).
Disclosure statement
No potential conflict of interest was reported by the 
authors.
Notes on contributors
Kuni Vergauwen holds a Master of Science in Occupational 
Therapy and is a PhD researcher. She combines her 
 
 
 
 
5 
 
 
 
 
10 
 
 
 
 
15 
 
 
 
 
20 
 
 
 
 
25 
 
 
 
 
30 
 
 
 
 
35 
 
 
 
 
40 
 
 
 
 
45 
 
 
 
 
50 
 
 
 
 
55 
 
 
 
 
60 
 
 
 
 
65 
 
 
 
 
70 
 
 
 
 
75 
 
 
 
 
80 
 
 
 
 
85 
 
 
 
 
90 
 
 
 
 
95 
 
 
 
 
100 
 
 
 
 
105 
 
 
 
 
110 
 
 
 
 
115 
 
AQ4
AQ5
YPTR 1300624 
March 2017
Revision CE: ####### QA: #######
Coll:XX QC:#######
Vergauwen et al. Measuring the physical activity level and pattern
Physical Therapy Reviews  2017  10
[32]  Consensus-based Standards for the selection of health Measurement 
Instruments (COSMIN) [Internet]. [cited 16 Dec 2014]. Available 
from: http://cosmin.nl/
[33]  Scheeres K, Knoop H, van der Meer J, Bleijenberg G. Clinical 
assessment of the physical activity pattern of chronic fatigue 
syndrome patients: a validation of three methods. Health Qual Life 
Outcomes. 2009;7:29.
[34]  Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, 
Ainsworth BE, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc. 
2003;35(8):1381–1395.
[35]  Meeus M, Van Eupen I, Willems J, Kos D, Nijs J. Is the international 
physical activity questionnaire-short form (IPAQ-SF) valid for 
assessing physical activity in chronic fatigue syndrome? Disabil 
Rehabil. 2011;33(1):9–16.
[36]  Wickel EE, Welk GJ, Eisenmann JC. Concurrent validation of the 
bouchard diary with an accelerometry-based monitor. Med Sci 
Sports Exerc. 2006;38(2):373–379.
[37]  Vos-Vromans DCWM, Huijnen PJ, Köke AJA, Seelen HAM, 
Knottnerus JA, Smeets RJEM. Differences in physical functioning 
between relatively active and passive patients with chronic fatigue 
syndrome. J Psychosom Res. 2013;75:249–254.
[38]  Westerterp KR. Physical activity assessment with accelerometers. 
Int J Obes. 1999;23(s3):s45–s49.
[39]  Harris TJ, Owen CG, Victor CR, Adams R, Ekelund U, Cook DG. 
A comparison of questionnaire, accelerometer, and pedometer: 
measures in older people. Med Sci Sports Exerc. 2008;41(7):1392–
1402.
[40]  Rowlands AV, Eston RG. The measurement and interpretation of 
children’s physical activity. J Sports Sci Med. 2007;6:270–276.
[41]  Huijen IP, Verbunt JA, Peters ML, Smeets RJ, Kindermans HP, Roelofs 
J, et al. Differences in activity-related behavior among patients with 
chronic low back pain. Eur J Pain. 2011;15(7):748–755.
[42]  Bratteby LE, Sandhagen B, Fan H, Samuelson G. A 7-day activity 
diary for assessment of daily energy expenditure validated by the 
doubly labelled water method in adolescents. Eur J Clin Nutr. 
1997;51:585–591.
[43]  Friedberg F, Sohl SJ. Longitudinal change in chronic fatigue 
syndrome: what home-based assessments reveal. J Behav Med. 
2009;32(2):209–218.
[44]  Jason LA, Brown MM. Sub-typing daily fatigue progression in 
chronic fatigue syndrome. J Ment Health. 2013;22(1):4–11.
[45]  Clapp LL, Richardson MT, Smith JF, Wang M, Clapp AJ, Pieroni 
RE. Acute effects of thirty minutes of light-intensity, intermittent 
exercise on patients with chronic fatigue syndrome. Phys Ther. 
1999;79:749–756.
[46]  Cook DB, Nagelkirk PR, Peckerman A, Poluri A, Lamanca JJ, 
Natelson BH. Perceived exertion in fatiguing illness: Gulf War 
veterans with chronic fatigue syndrome. Med Sci Sports Exerc. 
2003;35(4):569–574.
[47]  Nagelkirk PR, Cook DB, Peckerman A, Kesil W, Sakowski T, 
Natelson B, et al. Aerobic capacity of golf war veterans with chronic 
fatigue syndrome. Mil Med. 2003;168(9):750–755.
[48]  Nijs J, De Meirleir K, Duquet W. Kinesiophobia in chronic fatigue 
syndrome: assessment and associations with disability11No 
commercial party having a direct financial interest in the results of 
the research supporting this article has or will confer a benefit upon 
the authors(s) or upon any organization with which the author(s) is/
are associated. Arch Phys Med Rehabil. 2004;85:1586–1592.
[49]  Bazelmans E, Bleijenberg G, Van Der Meer JW, Folgering H. Is 
physical deconditioning a perpetuating factor in chronic fatigue 
syndrome? A controlled study on maximal exercise performance 
and relations with fatigue, impairment and physical activity. Psychol 
Med. 2001;31(1):107–114.
[50]  Bazelmans E, Bleijenberg G, Voeten MJ, van der Meer JW, Folgering 
H. Impact of a maximal exercise test on symptoms and activity in 
chronic fatigue syndrome. J Psychosom Res. 2005;59(4):201–208.
[51]  Brouwers F, van der Werf S, Bleijenberg G, Van Der Zee L, Van 
Der Meer JW. The effect of a polynutrient supplement on fatigue 
and physical activity of patients with chronic fatigue syndrome: a 
double-blind randomized controlled trial. QJM. 2002;95(10):677–
683.
[52]  Chastin S, Granat M. Methods for objective measure, quantification 
and analysis of sedentary behaviour and inactivity. Gait Posture. 
2010;31(1):82–86.
[53]  Friedberg F, Sohl S. Cognitive-behavior therapy in chronic fatigue 
syndrome: is improvement related to increased physical activity? J 
Clin Psychol. 2009;65(4):423–442.
[54]  Ickmans K, Clarys P, Nijs J, Meeus M, Aerenhouts D, Zinzen E, et 
al. Association between cognitive performance, physical fitness and 
[11]  Nijs J, Roussel N, Van Oosterwijck J, De Kooning M, Ickmans K, 
Struyf F, Meeus M, Lundberg M. Fear of movement and avoidance 
behaviour toward physical activity in chronic-fatigue syndrome and 
fibromyalgia: state of the art and implications for clinical practice. 
Clin Rheumatol. 2013;32(8):1121–1129.
[12]  Working group convened under the auspices of the Royal 
Australasian College of Physicians. Chronic fatigue syndrome. 
Clinical practice guidelines [Internet]. 2002 [cited 2014 Sep 10]. 
Available from: http://www.tnq-support-group.net/pdf/Australian_
Clinical_Practice_Guidelines_2002.pdf 
[13]  Vercoulen JH, Hommes OR, Swanink CM, Jongen PJ, Fennis JF, 
Galama JM, et al. The measurement of fatigue in patients with 
multiple sclerosis. Arch Neurol. 1996;53(7):642–649.
[14]  Surawy C, Hackmann A, Hawton KE, Sharpe M. Chronic fatigue 
syndrome: a cognitive approach. Behav Res Ther. 1995;33(5):535–
544.
[15]  Meeus M, van Eupen I, van Baarle E, De Boeck V, Luyckx A, 
Kos D, Nijs J. Symptom fluctuations and daily physical activity in 
patients with chronic fatigue syndrome: a case-control study. Arch 
Phys Med Rehabil. 2011;92:1820–1826.
[16]  Kop WJ, Lyden A, Berlin AA, Ambrose K, Olsen C, Gracely RH, 
Williams DA, Clauw DJ. Ambulatory monitoring of physical activity 
and symptoms in fibromyalgia and chronic fatigue syndrome. 
Arthritis Rheum. 2005;52(1):296–303.
[17]  American Occupational Therapy Association. AOTA standards for 
continuing competence. Am J Occup Ther. 2010;64(6):103–105.
[18]  Occupational Therapy Australia. Australian minimum competency 
standards for new graduate occupational therapists (ACSOT) 
[Internet]. 2010 [cited 2014 Sep 9]. Available from: http://www.
otaus.com.au/sitebuilder/aboutus/knowledge/asset/files/16/
australian_minimum_competency_standards_for_new_grad_
occupational_therapists.pdf. 
[19]  Association of Canadian Occupational Therapy Regulatory 
Organizations (ACOTRO). Essential competencies of practice for 
occupational therapists in Canada, 3rd ed. [Internet]. 2011 [cited 
2014 Sep 10]. Available from: http://www.coto.org/pdf/Essent_
Comp_04.pdf. .
[20]  Goudsmit EM, Nijs J, Jason LA, Wallman KE. Pacing as a strategy 
to improve energy management in myalgic encephalomyelitis/
chronic fatigue syndrome: a consensus document. Disabil Rehabil. 
2012;34(13):1140–1147.
[21]  Nijs J, Paul L, Wallman K. Chronic fatigue syndrome: an approach 
combining self-management with graded exercise to avoid 
exacerbations. J Rehabil Med. 2008;40(4):241–247.
[22]  Jason L, Muldowney K, Torres-Harding S. The energy envelope 
theory and myalgic encephalomyelitis/chronic fatigue syndrome. 
AAOHN J. 2008;56(5):189–195.
[23]  Rimes KA, Chalder T. Treatments for chronic fatigue syndrome. 
Occup Med. 2005;55(1):32–39.
[24]  Moss-Morris R, Sharon C, Tobin R, Baldi JC. A randomized 
controlled graded exercise trial for chronic fatigue syndrome: 
outcomes and mechanisms of change. J Health Psychol. 
2005;10(2):245–259.
[25]  Reid S, Chalder T, Cleare A, Hotopf M, Wessely S. Chronic fatigue 
syndrome. Clinical Evidence [Internet]. 2011 [cited 2015 Feb 4]. 
Available from: http://www.clinicalevidence.com/x/systematic-
review/1101/overview.html.
[26]  Brown M, Khorana N, Jason LA. The role of changes in activity 
as a function of perceived available and expended energy in 
nonpharmacological treatment outcomes for ME/CFS. J Clin 
Psychol. 2011;67(3):253–260.
[27]  Goudsmit EM, Howes S. Pacing: a strategy to improve energy 
management in chronic fatigue syndrome. Health Psychol Update. 
2008;17:46–52.
[28]  Smets EMA, Garssen B, Bonke B, De Haes JCJM. The 
multidimensional fatigue inventory (MFI) psychometric qualities of 
an instrument to assess fatigue. J Psychosom Res. 1995;39(3):315–
325.
[29]  Plasqui G, Westerterp KR. Physical activity assessment with 
accelerometers: an evaluation against doubly labeled water. Obesity 
(Silver Spring). 2012;15(10):2371–2379.
[30]  Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis 
JPA, et al. The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate health care interventions: 
explanation and elaboration. PLoS Med. 2009;6(7):e1000100.
[31]  Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford PW, Knol 
DL, Bouter LM, de Vet HCW. The COSMIN checklist for assessing 
the methodological quality of studies on measurement properties 
of health status measurement instruments: an international Delphi 
study. Qual Life Res. 2010;19:539–549.
 
 
 
 
5 
 
 
 
 
10 
 
 
 
 
15 
 
 
 
 
20 
 
 
 
 
25 
 
 
 
 
30 
 
 
 
 
35 
 
 
 
 
40 
 
 
 
 
45 
 
 
 
 
50 
 
 
 
 
55 
 
 
 
 
60 
 
 
 
 
65 
 
 
 
 
70 
 
 
 
 
75 
 
 
 
 
80 
 
 
 
 
85 
 
 
 
 
90 
 
 
 
 
95 
 
 
 
 
100 
 
 
 
 
105 
 
 
 
 
110 
 
 
 
 
115 
 
 
 
 
120 
 
 
 
 
125 
 
 
 
 
130 
 
 
 
 
135 
 
 
 
 
140 
 
 
 
 
145 
 
 
 
 
150 
 
 
 
 
155 
 
AQ6
YPTR 1300624 
March 2017
Revision CE: ####### QA: #######
Coll:XX QC:#######
Vergauwen et al. Measuring the physical activity level and pattern
 Physical Therapy Reviews  2017 11
[72]  Hlavaty LE, Brown MM, Jason LA. The effect of homework 
compliance on treatment outcomes for participants with myalgic 
encephalomyelitis/chronic fatigue syndrome. Rehabil Psychol. 
2011;56(3):212–218.
[73]  Lloyd A, Hickie I, Brockman A, Hickie C, Wilson A, Dwyer J. 
Immunologic and psychologic therapy for patients with chronic 
fatigue syndrome: a double-blind, placebo-controlled trial. Am J 
Med. 1993;94(2):197–203.
[74]  Perlis ML, Giles DE, Bootzin RR, Dikman ZV, Fleming G, 
Drummind SP, et al. Assessing illness representations of chronic 
illness: explorations of their disease-specific nature. J Behav Med. 
1998;21(5):485–503.
[75]  Cook DB, Nagelkirk PR, Poluri A, Mores J, Natelson BH. The 
influence of aerobic fitness and fibromyalgia on cardiorespiratory 
and perceptual responses to exercise in patients with chronic fatigue 
syndrome. Arthritis Rheum. 2006;54(10):3351–3362.
[76]  Paul L, Rafferty D, Marshal R. Physiological cost of walking in 
those with chronic fatigue syndrome (CFS): a case–control study. 
Disabil Rehabil. 2009;31(19):1598–1604.
[77]  Wallman KE, Morton AR, Goodman C, Grove R. Physiological 
responses during a submaximal cycle test in chronic fatigue 
syndrome. Med Sci Sports Exerc. 2004;36(10):1682–1688.
[78]  Hurwitz BE, Coryell VT, Parker M, Martin P, LaPerriere A, Klimas 
NG, et al. Chronic fatigue syndrome: illness severity, sedentary 
lifestyle, blood volume and evidence of diminished cardiac function. 
Clin Sci (Lond). 2009;118(2):125–135.
[79]  Farquhar WB, Hunt BE, Taylor AJ, Darlin SE, Freeman R. Blood 
volume and its relation to peak O(2) consumption and physical 
activity in patients with chronic fatigue. Am J Physiol Heart Circ 
Physiol. 2002;282(1):H66–71.
[80]  Aerenhouts D, Ickmans K, Clarys P, Zinzen E, Meersdom G, 
Lambrecht L, et al. Sleep characteristics, exercise capacity and 
physical activity in patients with chronic fatigue syndrome. Disabil 
Rehabil. 2015;37(22):2044–2050.
[81]  Bloot L, Heins MJ, Donders R, Bleijenberg G, Knoop H. The process 
of change in pain during cognitive-behavior therapy for chronic 
fatigue syndrome. Clin J Pain. 2015;31(10):914–921.
[82]  Meeus M, Ickmans K, Struyf F, Kos D, Lambrecht L, Willekens B, 
et al. What is in a name? Comparing diagnostic criteria for chronic 
fatigue syndrome with or without fibromyalgia. Clin Rheumatol. 
2016;35(1):191–203.
[83]  Riley MS, O’Brien CJ, McCluskey DR, Bell NP, Nicholls DP. 
Aerobic work capacity in patients with chronic fatigue syndrome. 
BMJ. 1990;301(6758):953–956.
[84]  Verbunt JA, Huijnen IPJ, Seelen HAM. Assessment of physical 
activity by movement registration systems in chronic pain. 
Methodological considerations. Clin J Pain. 2012;28:496–504.
[85]  Prins JB, Bleijenberg G, Bazelmans E, Elving LD, de Boo TM, 
Severens JL, et al. Cognitive behaviour therapy for chronic fatigue 
syndrome: a multicentre randomised controlled trial. Lancet. 
2001;357:841–847.
[86]  Vos-Vromans DCWM, Smeets RJEM, Huijnen IPJ, Köke AJA, 
Hitters WMGC, Rijnders LJM, et al. Multidisciplinary rehabilitation 
treatment versus cognitive behavioural therapy for patients with 
chronic fatigue syndrome: a randomized controlled trial. J Intern 
Med. 2016;279(3):268–282.
[87]  Huijnen IPJ, Verbunt JA, Peters ML, Delespaul P, Kindermans HPJ, 
Roelofs J, et al. Do depression and pain intensity interfere with 
physical activity in daily life in patients with Chronic Low Back 
Pain? Pain. 2010;150:161–166.
[88]  Ainsworth BE, Haskell WL, Leon AS, Jacobs DR Jr, Montoye HJ, 
Sallis JF, et al. Compendium of physical activities: classification of 
energy costs of human physical activities. Med Sci Sports Exerc. 
1993;25(1):71–80.
physical activity level in women with chronic fatigue syndrome. J 
Rehabil Res Dev. 2013;50(6):795–810.
[55]  Meeus M, van Eupen I, Hondequin J, De Hauwere L, Kos D, Nijs 
J. Nitric Oxide concentrations are normal and unrelated to activity 
level in chronic fatigue syndrome: a case-control study. In vivo. 
2010;24(6):865–870.
[56]  Newton J, Pairman J, Hallsworth K, Moore S, Plotz T, Trenell M. 
Physical activity intensity but not sedentary activity is reduced 
in chronic fatigue syndrome and is associated with autonomic 
regulation. QJM. 2011;104(8):681–687.
[57]  Nijs J, Van Oosterwijck J, Meeus M, Lambrechts L, Metzger K, 
Frémont M, et al. Unravelling te nature of postexertional malaise 
in myalgic encephalomyelitis/chronic fatigue syndrome: the 
role of elastase, complement C4a and interleukin-1b. J Int Med. 
267(4):418–435.
[58]  Ohashi K, Bleijenberg G, van der Werf S, Prins J, Amaral L, Natelson 
B, et al. Decreased fractal correlation in diurnal physical activity in 
chronic fatigue syndrome. Methods Inf Med. 2004;43(1):26–29.
[59]  Ohashi K, Yamamoto Y, Natelson BH. Activity rhythm degrades 
after strenuous exercise in chronic fatigue syndrome. Physiol Behav. 
2002;77(1):39–44.
[60]  Prins JB, Bleijenberg G, Bazelmans E, Elving LD, de Boo TM, 
Severens JL, et al. Cognitive behaviour therapy for chronic fatigue 
syndrome: a multicentre randomised controlled trial. Lancet. 
2001;357(9259):841–847.
[61]  Schreurs K, Veehof M, Passade L, Vollenbroek-Hutten M. 
Cognitive behavioural treatment for chronic fatigue syndrome in 
a rehabilitation setting: Effectiveness and predictors of outcome. 
Behav Res Ther. 2011;49(12):908–913.
[62]  Servaes P, Prins J, Verhagen S, Bleijenberg G. Fatigue after 
breast cancer and in chronic fatigue syndrome. J Psychosom Res. 
2002;52(6):453–459.
[63]  Sisto S, Tapp W, LaManca J, Ling W, Korn L, Nelson A, et al. 
Physical activity before and after exercise in women with chronic 
fatigue syndrome. QJM. 1998;91(7):465–473.
[64]  The G, Prins J, Bleijenberg G, van der Meer J. The effect of granisetron, a 
5-HT3 receptor antagonist, in the treatment of chronic fatigue syndrome 
patients – a pilot study. Neth J Med. 2003;61(9):285–289.
[65]  Torenbeek M, Mes CA, van Lierre MJ, Schreurs KM, ter Meer 
R, Kortleven GC, et al. Favourable results of a rehabilitation 
programme with cognitive behavioural therapy and graded physical 
activity in patients with the chronic-fatigue syndrome. Ned Tijdschr 
Geneeskd. 2006;150(38):2088–2094.
[66]  Tryon WW, Jason L, Frankenberry E, Torres-Harding S. Chronic 
fatigue syndrome imairs circadian rhythm of activity level. Physiol 
Behav. 2000;82(5):849–853.
[67]  Goedendorp M, Knoop H, Schippers G, Bleijenberg G. The 
lifestyle of patients with chronic fatigue syndrome and the 
effect on fatigue and functional impairments. J Hum Nutr Diet. 
2009;22(3):226–231.
[68]  Huibers MJ, Kant JI, Knotternerus JA, Bleijenberg G, Swaen GMH, 
Kasl SV. Development of the chronic fatigue syndrome in severely 
fatigued employees: predictors of outcome in the Maastricht cohort 
study. J Epidemiol Community Health. 2004;58(10):877–882.
[69]  Servaes P, van der Werf S, Prins J, Verhagen S, Bleijenberg G. 
Fatigue in diease-free cancer patients compared with fatigue in 
patients. Support Care Cancer. 2000;9(1):11–17.
[70]  Friedberg F, Dechene L, McKenzie MJ, Fontanetta R. Symptom 
patterns in long-duration chronic fatigue syndrome. J Psychom Res. 
2000;48(1):59–68.
[71]  Hallman DM, Lyskov E. Autonomic regulation, physical 
activity and perceived stress in subjects with musculoskeletal 
pain: 24-hour ambulatory monitoring. Int J Psychophysiol. 
2012;86(3):276–282.
 
 
 
 
5 
 
 
 
 
10 
 
 
 
 
15 
 
 
 
 
20 
 
 
 
 
25 
 
 
 
 
30 
 
 
 
 
35 
 
 
 
 
40 
 
 
 
 
45 
 
 
 
 
50 
 
 
 
 
55 
 
 
 
 
60 
 
 
 
 
65 
 
 
 
 
70 
 
 
 
 
75 
 
 
 
 
80 
 
 
 
 
85 
 
 
 
 
90 
 
 
 
 
95 
 
 
 
 
100 
 
 
 
 
105 
 
 
 
 
110 
 
 
 
 
115 
 
 
 
 
120 
 
 
 
 
125 
 
 
 
 
AQ7
